Background: The coronary venous system is increasingly targeted for pacing in patients with severe heart failure. The recent advancement of Multi-Detector Computed Tomography (MDCT) allows accurate analysis of the coronary arteries, but little data exist on its role in assessing cardiac venous anatomy. The aim of the present study was to investigate the feasibility of using MDCT in evaluating the cardiac venous anatomy in patients with heart disease; Methods and Results: One hundred and eighteen subjects (59 ± 11 years, 100 males) were studied by contrast enhanced 16-slice CT with retrospective ECG-reconstructions. The diameter, length, and angulations of coronary veins were measured from both volume rendered 3-dimensional images and curved multi-planar images. The coronary sinus vein was visualized in all of patients. However, the posterior, postero-lateral, lateral, antero-lateral and anterior veins were found in 71.2%, 50.0%, 65.3%, 9.3% and 96% patients, respectively. Twenty-three (19.5%) subjects had neither postero-lateral nor lateral cardiac veins. The ostial diameter angle of take-off and total length of the postero-lateral and lateral veins ranged from 1.7 -7.0 mm, 38 -160 degrees and 2.6 -10.6 mm, respectively; Conclusions: This study confirms the feasibility of assessing diameter, length, and angulations of coronary veins by MDCT. This non-invasive information should be useful for pre-operative lead placement planning for patients scheduled to have cardiac resynchronization therapy.
Introduction
Multi-Detector Computer Tomography (MDCT) is a new tool for non-invasive cardiac imaging [1] . Combined with retrospective ECG-gating this new technique allows visualization of the coronary arteries with great accuracy [1, 2] . Recent advancement can be attributed to decreased detector size, increased number of detector rows (slices), improved reconstruction algorithms and faster rotations. These improvements have lead to acquisitions with shorter scan times with higher spatial and temporal resolutions [3] [4] [5] [6] . The coronary venous system is increasingly targeted for different electrophysiological purposes including Cardiac Resynchronization Therapy (CRT), radiofrequency catheter ablation [7] , mapping [8] , and defibrillation [9] . CRT, which improves outcome in patients with severe heart failure, involves the placement of pacemaker lead within the cardiac venous system [10, 11] . Prior to placement of the pacemaker lead, patients would undergo an invasive cardiac venogram to see if they have suitable veins for CRT. Up to 10% -20% patients will not have suitable veins for CRT and will need to go for surgical placement of left ventricular pacemaker lead [12] [13] [14] .
The main purpose of the present study was to investigate the feasibility of assessing coronary venous system non-invasively in patients with heart disease using a retrospectively ECG-gated acquisition on a 16-slice CT scanner. Attention was focused on the availability and characteristics of coronary veins that were suitable for CRT.
Methods

Patients
One hundred and twenty-four subjects with known or suspected heart disease underwent ECG-gated multidetector CT scanning. Exclusions included individuals aged <18 years, females of childbearing age, patients with a trial fibrillation, patients with creatinine above 1.5 milligrams per deciliter or those with known contrast allergy. Our institutional review board approved the study, and all patients gave written consent.
detector CT scanner (Brilliance 64, Philips Medical Systems, Best, The Netherlands), using a cardiac retrospective gating technique. The CT scan was initiated following intravenous contrast agent administration (iopamidol 350, 100 mg) after the onset of opacification of the ascending aorta. The entire heart was imaged within a single breath-hold (20 to 30 seconds). CT scan parameters included: 140 kVp, 400 mAs, 16 × 0.75 mm collimation, 0.8 mm slice thickness, 0.4 mm slice increment, 0.42 sec rotation time, and 0.2 to 0.3 pitch. Following the scan, the desired phase (typically between 40% -50% or 70% -80%) within the R-R interval was reconstructed using the synchronized ECG signal and x-ray projection data. An adaptive multi-cycle reconstruction algorithm yielded images with temporal resolutions between 53 and 210 ms [15] . ECG-based dose modulation was employed in 39% of the patients.
Image Analysis
Before analysis, 6 studies were excluded because the scan volume did not reveal the entire heart including the complete diaphragmatic part of the pericardium. One hundred and eighteen MDCT studies out of 124 were included in subsequent analysis. The following coronary venous segments were analyzed: the coronary sinus (CS, defined as the segment from the entrance of CS into the right atrium to the entrance of anterior cardiac vein), the mid-cardiac vein, posterior cardiac vein, postero-lateral cardiac vein, lateral cardiac vein, anterior-lateral cardiac vein, great cardiac vein (defined as the segment from the entrance of lateral cardiac vein to the entrance of anterior cardiac vein) and the anterior cardiac vein (Figure 1) . The presence or absence of coronary venous segments was determined using volume-rendered images in threedimensional space. The diameter, length, and angulations of coronary veins were measured from curved multiplanar reformatted images following vessel centerline extraction (Figure 2) . The length of the CS was measured from the entrance of CS into the right atrium to the entrance of anterior cardiac vein, and the diameter of the CS was measured at the orifice of coronary sinus into the right atrium. The length of coronary veins was measured from the entrance of each vein into coronary sinus vein to the end of each vein. The diameter of each coronary vein was measured at the orifice of coronary veins into the CS.
Statistical Analysis
Data obtained were expressed in terms of prevalence, average and standard deviation values. Microsoft Excel 2007 software was used for statistical analysis.
Results
The mean age of 118 patients (100 males, 18 females) was 59 ± 11 years (range: 28 -82 years). There were coronary artery disease history in 69, valvular disease in 23, an abnormal stress test result in 14, heart transplantation in 7, congestive heart failure in 3, and hypertrophic cardiomyopathy in 2 among the 118 patients. We found a large variability of CS tree structure among the study population. The CS was visualized in all 118 patients (100%), and the anterior vein can be seen in most of patients (96%). The anatomical characteristics of the coronary veins from this study are listed in Tables 1 and 2 . The ostial diameter, angle of take-off and total length of the posteriorlateral and lateral veins ranged from 1.7 -7.0 mm, 38 -160 degrees and 2.6 -10.6 mm, respectively.
Some patients had more than one eligible coronary veins for pacing therapy. Figure 3 shows a patient with suit-able lateral veins. The antero-lateral cardiac vein was visible only in 9.3% of patients; posterior-lateral cardiac vein could be detected in 50% of patients, and lateral cardiac vein was visualized in 65.3% of patients. There were 23 (19.5%) patients who had neither a posterior-lateral nor a lateral cardiac vein. Figures 4 and 5 are 3-D reconstructed images from a patient with heart failure who underwent CS lead implantation and showed no clinical improvement after CRT. MDCT images show that the pacing lead was placed in anterior cardiac vein, as there were no other suitable cardiac veins for lead implantation in this particular patient. Current data indicate that an optimal clinical and hemodynamic response is obtained in most patients when the left ventricular electrocatheter is placed in a lateral or posterolateral position.
Discussion
In the current study, we demonstrated the feasibility of assessing cardiac venous anatomy by MDCT and we found that about one-fifth of patients do not have venous anatomy suitable for optimal CRT. Few studies have been published on cardiac vein anatomy with an emphasis on CRT planning. Two prior smaller series reported the characteristics of cardiac vein anatomy using electron beam CT [15, 16] . Gerber et al. [15] studied the cardiac venous anatomy in relationship to the coronary arteries in 34 patients and Schaffler et al. [16] described the characteristics of CS and its tributary veins in 32 patients. However, the use of electron beam CT in both studies provided less spatial resolution than that observed with MDCT.
In our study, we investigated a larger group of patients than those that has previously been reported. In addition, we not only reported the appearance of coronary venous system, but also measured the angle of each venous tributary, as well as the length and diameter of each cardiac vein. Our results demonstrated there is a large variability of the coronary venous systems within the study subjects. Currently, it is thought that the positioning of left ventricular pacemaker lead in either posterior-lateral or lateral vein during CRT is associated with better clinical outcome [17, 18] . In our study, 19.5% of the patients had neither of these veins. If our study population represents the patient population requiring CRT, one might postulate that one-fifth of the patients would benefit from going straight to surgery for epi-cardial lead placement. In the MIRACLE study [12] , 8% of the patients failed left ventricular lead implant and as successful lead placement is also determined by the size of vessel, sensing thresholds and presence of diaphragmatic pacing. In clinical practice, some patients could well have their LV lead placed in suboptimal positions, resulting in a poor clinical response after CRT. Other studies reported success rates of CRT to be 2% -47% and the implantation times varied from 90 minutes to 5 hours [19, 20] . We believe MDCT not only provides the information regarding the presence of candidate veins, but also predict the difficulty of the lead placement procedure. Figure 5 illustrates a case in whom misplacement of pacemaker lead may have resulted in clinical response of CRT.
Limitation
This is a retrospect study, performed by contrast enhanced 16-slice CT, now are using at least 64-slice. The higher number of slices means higher resolution. The high resolution allows visualization of the entire coronary tree with extremely high accuracy and detail.
Conclusion
MDCT provides reliable non-invasive information of cardiac venous anatomy in patients. This novel information should be useful for pre-operative lead placement planning for patients scheduled to have cardiac resynchronization therapy.
